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340a Monday, February 27, 2012Conclusions: The Ito current was reduced predominantly in the endocardium in
T2DM,presumablybydownregulationofKv4.2andKChIP2.This regional differ-
ence in Ito has not been reported for T1DM and may be characteristic to T2DM.
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Diabetes mellitus is associated with cardiac arrhythmias, ventricular fibrillation
and sudden death. These cardiac effects may result directly from the absence of
insulin signaling in the heart or as in indirect consequence of diabetic sequelae
(e.g., hyperlipidemia, hypertension or coronary artery disease). To study the
electrical consequences of absent insulin signaling in the heart, we used a car-
diac-specific insulin receptor knock-out (CIRKO) mouse model. We recorded
action potentials and Kþ currents in myocytes isolated from CIRKO mice and
their control littermates. Action potential duration at 90% (APD90) was signif-
icantly prolonged in left ventricle, apex and septum fromCIRKOmice compared
to WT. Conversely, no differences in APD90 were observed in right ventricular
myocytes. Outward potassium currents recorded usingwhole-cell voltage clamp
method showed a reduction in both peak and sustained current in CIRKOmice.
Neither the voltage dependence of steady-state inactivation nor recovery from
inactivation of the rapidly inactivating outwardKþ current (Ito,f) were affected.
In addition, the inward rectifier Kþ current (IK1) was not different between both
groups. Consistent with the APD prolongation, CIRKO mice showed QT inter-
val prolongation, compared toWT littermates.Western blot and real time q-PCR
analyses revealed that the protein levels and mRNA expression of Kv4.2 were
significantly reduced in CIRKO hearts. We conclude that the absence of insulin
signaling in the heart causes a reduction in Kv4.2 message and protein that in
turn, reduces Ito,f, prolongs APD in left ventricle and prolongs the QT interval.
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Introduction: Remodeling of ion channel expression is well established in heart
failure (HF). Loss of transient outward current (Ito) during HF contributes to repo-
larization abnormalities. We determined the extent to which Ito is reduced in
tachypacing-induced HF and assessed the ability of an Ito activator (NS5806) to re-
cover this current.Methods:Whole cell patch clamp was used to record Ito in epi-
cardial (Epi) ventricular myocytes. Epi- and endocardial action potentials were
recorded from left ventricular (LV) wedge preparations.Results: Rapid pacing re-
sulted ina reduction in the sizeof Ito inEpimyocytes (Control=22.1351.9pA/pFvs
16.1251.4 after 2-weeks and 10.6951.4 pA/pF after 5-weeks,þ50 mV). HF also
slowed the recoveryof Ito.Recoveryof Ito showeda fast and slowphase as follows: i)
1=28.452.54ms and 2= 177.557.82ms for Control Epi, ii) 1=56.655.92ms and
2=337.8528.9ms for 2-weekEpi, and iii) 1=73.453.52ms and 2=546.3538.6ms
for 5-week Epi. In 2-week paced dogs, NS5806 increased Ito (at þ50 mV) from
16.1251.4 pA/pF to 23.8552.1 pA/pF (p<0.05). In 5-week paced dogs, applica-
tionofNS5806 increased Ito from10.6951.4pA/pF to14.3551.9pA/pF (p<0.05).
In the presence ofNS5806, both the fast and slowphase of Ito recovery increased in2
and 5-week paced cells. Application of NS5806 to HF wedges restored phase 1 re-
polarization.Conclusions:HFproduces a time dependent reduction in the size of Ito
and a slowing in recovery from inactivation.Application of an Ito agonist toHF cells
increased the magnitude of Ito and rate of Ito recovery. In HF wedge preparations,
NS5806 restored the spike-and-domemorphologyof theEpi actionpotential provid-
ing proof of principal that some aspects of electrical remodelling during HF can be
pharmacologically reversed.
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Aldosterone stimulates unidirectional sodium transport across renal epithelial
cells, thereby regulating blood volume and pressure. Clinical and experimentalstudies have linked hyperaldosteronism (HA) to diseases of the cardiovascular
system. Although the involvement of Gq/G11 signaling in cardiac diseases has
been hypothesized before, their contribution to HA-mediated cardiac remodel-
ing is unknown. In this study we investigated the possible role of Gq/G11 in
the electrical and Ca2þ homeostasis alterations induced by HA on ventricular
myocytes. We generated heart specific inducible Gq/G11 KO-mice. In wt and
KOmice HAwas induced by implantation of osmotic minipumps. Serum levels
of aldosteronewere increased 7-fold inmicewith aldosterone pumpswhen com-
pared to animals receiving dummy pumps. To study cellular HA-mediated re-
modeling we isolated ventricular myocytes and subjected them patch-clamp
investigations. In addition changes in global calcium handling were studied in
fura2-loaded myocytes. All experiments were performed at 37C. In wt animals
with HA, we revealed massively altered action potentials characterized by a de-
formed repolarization that was shortened (APD30 & APD70). Interestingly, in
cells fromGq/G11 dKOmice, HA did not alter the action potential. Concomitant
with action potential shortening we found that Ito displayed a massively in-
creased upregulation for HA-treatedwt cells while in dKOmyocytes Ito was nor-
mal. Global Ca2þ transient was also highly affected by HA in wt cells. Although
these alterationswere abolished in the first amplitude of Ca2þ transient, the post-
rest behavior showedmassive changes in HA-treated dKO cells. Hyperaldoster-
onism significantly altered the Ca2þ removal in both wt and Gq/G11 dKO, too.
In conclusion our results demonstrate for the first time a direct involvement of
Gq/G11 signaling in hyperaldosteronism-induced cardiac myocyte remodeling.
This work was supported by the DFG, BMBF and the Medical Faculty.
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Background: Pulmonary hypertension (PH) complicates many clinical condi-
tions andmay result in right ventricular (RV) hypertrophy and failure.Monocro-
taline (MCT) induces PH by direct action on pulmonary microvasculature.
Enhancement of the late sodium current (INaL) results from myocardial remod-
elling and may contribute to its evolution. Aims: To evaluate the effects of
chronic INaL blockade in the prevention of PH-induced myocardial remodeling.
Methods: PH was induced in adult rats by a single injection of MCT (60 mg/Kg
i.p.); animals were studied 3 weeks later and untreated littermates served as con-
trols. The INaL blocker ranolazine (RAN, 30mg/Kg bid i.p.) was administered to
a subset ofMCT-treated rats over the 3weeks period and completelywashed-out
before study. Results: MCT effects (vs control): MCT increased RV pressure. In
the RV,weight, wall thickness, collagen content, myocyte electrical capacitance
and cross sectional area were all increased, to indicate hypertrophy. The LVwas
slightly hypotrophyc instead. Nonetheless, both RV and LV myocytes showed
INaL enhancement and signs of remodelling, such as alfa-myosin heavy chain
(MHC) and Ito downregulation, prolonged action potential duration (APD)
and delayed afterdepolarizations (DADs). IK1 was reduced in RV only. Chronic
RANeffects (vsMCTalone): RAN reducedRVpressure and significantly blunt-
ed all signs of RV hypertrophy. In both RV and LV, INaL enhancement, DADs
induction, alfa-MHC and Ito downregulation were reversed by RAN. However,
APD and IK1 abnormalities persisted. Conclusions: MCT caused pressure-
induced hypertrophy in the RV, but also remodelled the LV (by indirect strain?).
Chronic INaL blockade prevented constitutive INaL enhancement and blunted
many aspects of myocardial remodeling in both ventricles. In the RV, but not
in the LV, this might partly reflect the unexpected inhibition by RAN of MCT
effects on pulmonary vascular resistance.
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Patients with inherited dilated cardiomyopathy (DCM) frequently die with se-
vere heart failure (HF) or die suddenly with arrhythmias, although these symp-
toms are not always observed at birth. It remains unclear how and when HF and
arrhythmogenic changes develop in these DCM patients. In order to address
this issue, properties of the myocardium and underlying gene expressions
were studied using a knock-in mouse model of human inherited DCM caused
by a deletion mutation DK210 in cardiac troponinT. DCMmice at 1 month had
already enlarged hearts, but showed no symptoms of HF and much lower
Monday, February 27, 2012 341amortality than at 2 months or later. At 2 months they often die suddenly without
clear symptoms of HF, whereas at 3 months, many of them showed evident
symptoms of HF. In isolated left ventricular myocardium (LV) from 2
month-mice, spontaneous activity frequently occurred and action potential du-
ration was prolonged. Transient outward (Ito) and ultrarapid delayed rectifier
Kþ currents (IKur) were significantly reduced in DCM myocytes. Correspond-
ingly, down-regulation of Kv4.2, Kv1.5 and KChIP2 was evident in mRNA and
protein levels. In 3 month-LV, more frequent spontaneous activity and further
down-regulation in above Kþ channels were observed. 1 month mice, on the
contrary, showed infrequent spontaneous activity in LV, in which Kv4.2 but
not Kv1.5 or KChIP2 was down-regulated. Because they are at low risk of
death in spite of enlarged hearts, reduction in Kv4.2 is not sufficient for sudden
death (SD). Our results suggest that the combined down-regulation of Kv4.2,
Kv1.5 and KChIP2 prior to the onset of HF may play an important role in
the premature SD in this DCM model.
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Introduction: Angiotensin II activation and associated elevation in ROS have
been implicated in pathogenesis of arrhythmia. We created a transgenic mouse
model of cardiac restricted overexpression of ACE (ACE8/8). These mice show
spontaneous VT/ VF, SCD, and a reduction in Cx43 level, which impairs con-
duction and predisposes to arrhythmia. We sought to determine the role and the
major source of ROS by angiotensin II in VT/ VF and Cx43 remodeling.
Method: Wild type and ACE8/8 mice with and without 2 weeks of treatment
with LNIO (NOS inhibitor), Sepiapterin (precursor of BH4), Mito-TEMPO
(mitochondria-targeted antioxidant), Apocynin (NADPH oxidase inhibitor),
Allopurinol (Xanthine oxidase inhibitor), and ACE8/8 crossed with P67DN
were studied. Western blotting, detection of mitochondrial ROS by MitoSOX
red, electron microscopy, immunohistochemistry staining, and a fluorescent
dye diffusion technique for functional assessment of Cx43 were performed.
EP study was performed by a 1.1F catheter through pacing the right ventricle.
Results: Treatment with Mito-TEMPO prevented SCD in ACE8/8 mice
(p=0.0005, 95%CI of 1.96 to 11.53). Treatment withMito-TEMPOwas also asso-
ciatedwith reduction inVT inducibility (from87% to 50%), correction of gap junc-
tion dye conduction (from 75% of control to normal, P<0.05), reduction of
mitochondrial ROS (from 6 to 1.8 fold of the control), improvement of structure
of mitochondria (detected by electron microscopy), increase in Cx43 level at the
gap junctions (from 33% to 70% of control level detected by western blot and im-
munohistochemistry). TreatmentswithL-NIO,Sepiapterin,Allopurinol,Apocynin
and crossing with P67DNmice did not prevent VT/VF and SCD in ACE8/8 mice.
Conclusion: Mitochondrial oxidative stress plays a central role in ROS-
induced arrhythmia and mitochondria-targeted antioxidants may be effective
antiarrhythmic drugs.
TRPV, TRPM, TRPP Channels
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Themulti-modal cation channel transient receptor potential vanilloid 1 (TRPV1),
which is activated by heat, protons and a variety of endogenous and exogenous
ligands amongst other stimuli, senses the extracellular environment. To investi-
gate how the cell tunes its sensitivity to this environment, we asked whether the
cell imposes functional constraints on TRPV1 by exercising a control over its lo-
calization.Weandothers havepreviously shown that TRPV1 channels can be reg-
ulated by trafficking and that surface expression of the channel is increased by
treatment with Nerve Growth Factor (NGF), which induces inflammation. Inves-
tigation of fluorescently-labeled single channels by total internal reflection fluo-
rescence (TIRF) imaging reveals a broad distribution of channel movement in
the plasma membrane from immobile up to a lateral diffusion of 1.9 microme-
ter2/sec.Wenext assayed the functional subset of this large distributionbysparklet
analysis, which employs an intracellular fluorescent calcium indicator as a probe
forTRPV1opening events. TRPV1sparklets appear asbothmobile and immobile.
Mobile TRPV1 sparklets exhibit an average effective diffusion of 0.072 microm-
eter2/sec (n=9) with a maximal effective diffusion of .15 micrometer2/sec for one
channel. The time dependent behavior of the more mobile subset of sparklets re-
veals that their mobility decreased, and our ongoing effort to understand the
spatio-temporal behavior ofTRPV1 is directed at how the channel’s activity slowsits movement. Funding provided through the University of Washington Training
Grant in Cardiovascular Pathology (NIH) and the National Eye Institute (NIH).
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Bradykinin (BK) and nerve growth factor (NGF) both sensitize TRPV1 channels
in dorsal root ganglia (DRG) and trigeminal ganglia (TG) neurons of mammals.
BK treatment of dissociated DRG neurons and transiently transfected cells ex-
pressing TRPV1 and the B2 receptor for BK (a Gaq-coupled GPCR) confirmed
reports in the literature of increased capsaicin-activated currents in whole-cell re-
cordings. Calcium imaging of human embryonic kidney 293 cells (293T) and
DRG-neuroblastoma hybrid cells (F-11) show a consistent calcium rise upon
treatment with BK, but up to three-day-old dissociated DRG neurons seldom
show a calcium rise. Confocal imaging of F11 and 293T cells transfected with
a fluorescent diacylglycerol probe (C1-PKC-GFP) shows an increase of DAG
in the plasmamembrane (PM) upon application ofBK, but a fluorescent phospha-
tidylinositol 4,5-bisphosphate (PIP2) probe (YFP-PLCd1-PH) did not reveal
a change in the PIP2 levels on the PM.Calcium imaging of dissociated DRG neu-
rons and F-11 cells expressingNGF-receptors trkA and p75 did not show calcium
rise upon application of NGF. F-11 cells expressing NGF receptor, TRPV1 chan-
nels and a fluorescent phosphatidylinositol 3,4,5-triphosphate (PIP3) probe (YFP-
GRP1-PH) exhibit increased PIP3 levels on the PM upon NGF treatment. F-11
cells expressing thePIP3 probe did not showa change of PIP3 levels on the plasma
membrane upon application of BK. These results suggest different pathways for
BK and NGF sensitization of TRPV1 channels in cultured cells. BK produces
TRPV1 sensitization with no measurable change in PIP2 levels, a rise in calcium
and an increase on DAG, suggesting changes of second messengers downstream
from phospholipase C (PLC) activation different fromPIP2, while NGF produces
TRPV1 sensitizationwith ameasurable change of PIP3, and no significant change
in calcium suggesting changes of secondmessengers downstream from phospha-
tidylinositol 3-kinase (PI3K). Funding provided byGrantEY07031 from theNEI.
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The TRPV1 ion channel is responsible for the perception of high temperatures,
low pH and responds to binding of some pungent compounds. It is also associ-
ated with the perception of pain and noxious stimuli.
Fluorescent resonance energy transfer is a distance-dependent interaction be-
tween two dye molecules in which excitation is transferred from a donor mol-
ecule to an acceptor molecule.
By using FRETmeasurements between
donor and acceptor pair introduced in
the channel, we attempt to discern the
molecular organization of the N- and
C- termini of the TRPV1 ion channel.
We genetically attached the YFP or
CFP to the N- or C- termini of the pro-
tein, transfected the chimeras into
HEK293 cells and measured FRET by
the spectral FRET method. We were
able to determine the architecture of
the N andC termini within the tetramer,
and its localization relative to the plane
of the membrane.1733-Pos Board B503
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The bioactive phospholipid, lysophosphatidic acid (LPA), whose levels are in-
creased upon tissue injury, activates primary nociceptors resulting in neuro-
pathic pain. The TRPV1 ion channel is expressed in primary afferent
nociceptors and is activated by physical and chemical stimuli. Our data show
that LPA produces acute pain-like behaviors in control mice, which are substan-
tially reduced in Trpv1 null- animals and that LPA activates TRPV1 through
a novel mechanism that is independent of G protein-coupled receptors, contrary
